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Background: Systemic inflammation is a core driver of carotid atherosclerosis 

(CAS). Although various inflammatory indices derived from routine blood tests 

have been associated with prevalent CAS, most existing evidence is limited to 

cross-sectional designs, and a systematic head-to-head comparison of their 

predictive value is lacking. This study aimed to bridge this gap by evaluating 

the associations of six composite inflammatory indices with the risk of 

incident CAS to identify the optimal predictive marker.

Methods: We conducted a prospective cohort study comprising 12,289 

participants free of CAS at baseline from a health screening center in Beijing. 

Six inflammatory indices—Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to- 

Lymphocyte Ratio (PLR), Systemic Immune-Inflammation Index (SII), Systemic 

Inflammation Response Index (SIRI), Aggregate Index of Systemic 

Inflammation (AISI), and Neutrophil Percentage-to-Albumin Ratio (NPAR)— 

were calculated based on baseline data. Cox proportional hazards models, 

restricted cubic splines, and Random Survival Forest (RSF) models were 

utilized to assess associations and predictive performance. Mediation analysis 

was performed to investigate the role of Body Mass Index (BMI).

Results: During follow-up, 2,432 (19.8%) participants developed CAS. After 

multivariable adjustment, all six inflammatory indices were independently 

associated with an increased risk of CAS. Among them, SIRI demonstrated the 

most robust predictive value; participants in the highest quartile of SIRI had a 

46% higher risk compared to those in the lowest quartile (Hazard Ratio 

[HR] = 1.46, 95% Confidence Interval [CI]: 1.30–1.64, P < 0.001). RSF analysis 

confirmed the superior predictive importance of SIRI. Notably, a significant 

sex interaction was observed (P for interaction = 0.031), with a more 

pronounced association found in men. Furthermore, mediation analysis 

revealed that BMI partially mediated this association.
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Conclusion: Our findings identify SIRI as a robust and independent predictor of 

CAS development, outperforming other common inflammatory indices. As a 

readily available and cost-effective biomarker, SIRI offers significant potential 

for enhancing early risk stratification for subclinical atherosclerosis in 

clinical practice.
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1 Introduction

Cardiovascular diseases (CVDs) represent the leading cause of 

morbidity and mortality worldwide, imposing a substantial 

burden on public health systems (1, 2). Atherosclerosis, the 

principal underlying pathophysiological process of CVDs, is 

characterized as a chronic, low-grade in#ammatory disease of 

the arterial wall (3, 4). Carotid atherosclerosis (CAS), serving as 

a crucial “window” to systemic atherosclerosis, is an 

independent predictor of future cardiovascular events (5).

In#ammation plays a pivotal role throughout the entire course 

of atherosclerosis, from initiation and progression to plaque 

destabilization (6, 7). In recent years, systemic in#ammatory 

indices derived from routine laboratory tests have garnered 

considerable attention due to their cost-effectiveness, convenience, 

and wide availability. These indices, such as the Neutrophil-to- 

Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), 

Systemic In#ammation Response Index (SIRI), Systemic Immune- 

In#ammation Index (SII), Aggregate Index of Systemic 

In#ammation (AISI), and the Neutrophil Percentage-to-Albumin 

Ratio (NPAR), are designed to capture the complex immuno- 

in#ammatory network. They achieve this by integrating various 

hematological parameters (e.g., neutrophils, lymphocytes) and, in 

some cases, biochemical markers like albumin, which re#ects both 

nutritional and anti-in#ammatory status (8–10). Although the 

clinical utility of these indices has been extensively explored 

beyond oncology—demonstrating robust prognostic value in 

cerebrovascular and critical care settings (11, 12)—it remains 

unclear which specific marker offers the superior predictive 

performance for early-stage atherosclerosis.

Existing evidence, primarily from cross-sectional and case- 

control studies, has preliminarily established an association 

between these in#ammatory indices and the presence of 

prevalent CAS (13–15). However, the inherent limitations of 

these study designs preclude the determination of the temporal 

sequence between the in#ammatory state and the onset of 

atherosclerosis, thereby providing insufficient evidence for their 

predictive utility regarding future risk. Although a few cohort 

studies have begun to explore the association of specific 

in#ammatory markers with incident carotid plaque, there 

remains a profound lack of large-scale, prospective cohort 

studies that systematically investigate and compare the 

associations of multiple novel and conventional in#ammatory 

indices with the future risk of developing CAS (16, 17). 

Furthermore, given the close interplay between in#ammation 

and metabolic disorders such as obesity, the potential mediating 

role of Body Mass Index (BMI) in the causal pathway linking 

these in#ammatory indices to CAS risk remains to be 

elucidated. Therefore, utilizing a large-scale prospective cohort, 

this study aimed to systematically evaluate and compare the 

associations of multiple blood cell-derived in#ammatory indices 

with incident carotid atherosclerosis to identify the optimal 

predictive marker. Additionally, we further explored the dose- 

response patterns of these associations, their consistency across 

various subgroups, and preliminarily investigated the potential 

mediating role of Body Mass Index (BMI).

2 Methods

2.1 Study population

This study was based on a prospective open cohort study 

conducted at the MJ Health Check Center in Beijing using data 

from January 1, 2009, to May 17, 2023. The initial cohort 

comprised 152,163 adults. We first excluded 89,563 individuals 

who did not undergo carotid ultrasound. To address potential 

selection bias, we compared the baseline characteristics of those 

with and without ultrasound examinations (Supplementary 

Table S1). The results showed that the excluded group was 

comparable to the included population in terms of age (median: 

41 vs. 42 years) and the prevalence of hypertension (13.6% vs. 

15.2%) and diabetes (5.5% vs. 5.2%), indicating that the lack of 

ultrasound examination was likely not driven by younger age or 

lower cardiovascular risk. Subsequently, 38,390 participants with 

missing key in#ammatory biomarkers were excluded. 

Comparison between the included and excluded groups revealed 

that while statistical differences existed due to the large sample 

size, the clinical characteristics were largely similar 

(Supplementary Table S2). We further excluded individuals with 

prevalent CIMT thickening, carotid plaque, or CVD (n = 6,725), 

as well as those lost to follow-up (n = 5,196). Finally, 12,289 

eligible participants were included (Figure 1).

2.2 Definition of inflammatory markers

Based on baseline complete blood count (CBC) and serum 

albumin results, we calculated six systemic in#ammatory 

biomarkers. First, we calculated three dual-component ratios: 
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the neutrophil-to-lymphocyte ratio (NLR), calculated as the 

neutrophil count divided by the lymphocyte count; the platelet- 

to-lymphocyte ratio (PLR), calculated as the platelet count 

divided by the lymphocyte count; and the neutrophil 

percentage-to-albumin ratio (NPAR), defined as the neutrophil 

percentage (%) divided by the serum albumin concentration (g/L).

Second, we calculated three more complex composite 

in#ammatory indices: the Systemic In#ammation Response 

Index (SIRI), calculated as (neutrophil count×monocyte count)/ 

lymphocyte count; the Systemic Immune-In#ammation Index 

(SII), calculated as (platelet count×neutrophil count)/lymphocyte 

count; and the Aggregate Index of Systemic In#ammation 

(AISI), calculated as (platelet count×neutrophil count×monocyte 

count)/lymphocyte count.

In all the above formulas, the counts of neutrophils, 

lymphocytes, monocytes, and platelets were expressed in units 

of ×109/L.

2.3 Definition of CAS

The outcome of interest was incident carotid atherosclerosis 

(CAS), assessed using a high-resolution color Doppler 

ultrasound system (Sonoscape S50) equipped with a 7.5 MHz 

linear array transducer. All examinations were performed by 

experienced sonographers following a standardized scanning 

protocol to ensure consistent image acquisition. Key vascular 

segments, including the common carotid artery, carotid 

FIGURE 1 

Flowchart of the study population. The diagram illustrates the selection process of eligible participants from the initial cohort. A total of 12,289 

participants were included in the final analysis. CIMT, carotid intima-media thickness; CP, carotid plaque; CVD, cardiovascular disease.
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bifurcation, and internal carotid artery, were systematically 

evaluated in both transverse and longitudinal planes.

CAS was defined according to widely accepted criteria as 

either: (1) the new appearance of at least one carotid plaque, 

characterized by focal intimal thickening ≥ 1.5 mm, or (2) new 

carotid intima-media thickening (CIMT) ≥ 1.0 mm during the 

follow-up period. Participants meeting either of the above 

criteria were considered to have developed CAS.

To ensure the reliability of the assessment, a random sample of 

10% of the participants was selected for quality control. For inter- 

observer agreement, a senior sonographer independently reviewed 

the images blinded to the initial results, yielding a Cohen’s Kappa 

of 0.90 for the diagnosis. For intra-observer agreement, to 

minimize recall bias, the primary sonographer re-assessed the 

same stored images after a two-week interval, resulting in a 

Cohen’s Kappa of 0.92.

2.4 Covariates

Demographic information (age and sex), socioeconomic status 

(educational level and annual income), and lifestyle factors were 

collected through a standardized, structured questionnaire. 

Smoking and alcohol consumption statuses were dichotomized 

into “current smoker/non-current smoker” and “current 

drinker/non-current drinker,” respectively.

Anthropometric measurements, including height and weight, 

were performed using standard protocols, and Body Mass Index 

(BMI) was calculated as weight in kilograms divided by the 

square of height in meters (kg/m2). Hypertension was defined as 

a systolic blood pressure ≥140 mmHg, a diastolic blood pressure 

≥90 mmHg, or a self-reported history of hypertension. Diabetes 

mellitus was defined as a fasting plasma glucose level 

≥7.0 mmol/L or a self-reported history of diabetes.

Furthermore, venous blood samples were collected from all 

participants after an overnight fast. Serum levels of total 

cholesterol (TC), triglycerides (TG), high-density lipoprotein 

cholesterol (HDL-C), and creatinine, as well as whole blood red 

blood cell (RBC) count, were measured using an 

automated analyzer.

2.5 Statistical analysis

All statistical analyses were conducted using R software 

(version 4.5.1). A two-sided P-value of less than 0.05 was 

considered statistically significant for all tests. Baseline 

characteristics of the study participants were summarized 

according to the occurrence of CAS. Continuous variables not 

conforming to a normal distribution were presented as medians 

with interquartile ranges (IQR) and compared between groups 

using the Wilcoxon rank-sum test. Categorical variables were 

described as frequencies and percentages [n (%)] and assessed 

using the Pearson’s Chi-squared test.

To evaluate the association between various in#ammatory 

indices and the risk of CAS, we constructed Cox proportional 

hazards regression models to calculate Hazard Ratios (HRs) and 

their 95% confidence intervals (CIs). Given the high correlation 

among the in#ammatory indices (e.g., SIRI and AISI), they were 

included in the Cox models individually rather than 

simultaneously to avoid multicollinearity. We developed a series of 

models: Model 1 was an unadjusted model; Model 2 was adjusted 

for age, sex, and BMI; and Model 3 was further adjusted for the 

variables in Model 2 plus educational level, hypertension, diabetes 

mellitus, annual income, smoking status, alcohol consumption 

status, HDL-C, TG, RBC, creatinine, and TC. Multicollinearity 

among the covariates in the fully adjusted models was assessed 

using the Variance In#ation Factor (VIF). The proportional 

hazards assumption was verified using scaled Schoenfeld residuals. 

The association strength was also assessed per 1-standard 

deviation (1-SD) increase in each in#ammatory biomarker.

Kaplan–Meier survival curves were generated to visualize the 

cumulative incidence of CAS across quartiles of the 

in#ammatory indices, with differences between curves evaluated 

by the log-rank test. To explore potential non-linear 

relationships, we fitted restricted cubic splines (RCS) with four 

knots placed at the 5th, 35th, 65th, and 95th percentiles. 

Spearman correlation analysis was used to assess correlations 

among the in#ammatory indices.

To comprehensively compare the predictive performance of 

the multiple in#ammatory indices, Random Survival Forest 

(RSF) models were constructed. The variable importance 

(VIMP) method was employed to rank the in#ammatory indices 

based on their predictive capacity.

To ensure the robustness of our findings, we conducted several 

additional analyses. Pre-specified subgroup analyses were 

performed by stratifying the population based on baseline age 

(<45 vs. ≥45 years), sex, BMI (<24 vs. ≥24 kg/m2), 

hypertension, diabetes mellitus, educational level, annual 

income, smoking status, and alcohol consumption status. 

Potential effect modification was tested by introducing a 

multiplicative interaction term between the in#ammatory index 

and the stratification variable into the fully adjusted Cox model. 

Furthermore, a sensitivity analysis was performed by excluding 

participants diagnosed with CAS within the first year of follow- 

up to mitigate potential reverse causality bias. Finally, to assess 

the potential impact of unmeasured confounding, E-values were 

calculated specifically for the optimal in#ammatory index 

identified by the RSF analysis. The E-value quantifies the 

minimum strength of association that an unmeasured 

confounder would need to have with both the index and CAS to 

fully explain away the observed associations, conditional on the 

measured covariates.

3 Results

3.1 Baseline characteristics

A total of 12,289 eligible participants were ultimately included 

in this study. During a median follow-up of 2.15 years 

[interquartile range (IQR), 1.04–4.18 years], 2,432 (19.8%) 
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participants developed incident carotid atherosclerosis (CAS). 

Supplementary Table S3 presents the baseline characteristics of 

the participants, stratified by the occurrence of CAS. Compared 

to participants without CAS, individuals who developed incident 

CAS exhibited significantly different characteristics at baseline: 

they were older (median 48 vs. 41 years), had a higher 

proportion of males (70.8% vs. 58.4%), a higher BMI (median 

24.8 vs. 24.0 kg/m2), and a higher prevalence of hypertension 

(24.8% vs. 12.9%) and diabetes (10.3% vs. 4.0%). Furthermore, 

the CAS group had higher proportions of current smokers and 

drinkers, but lower levels of education. All the above differences 

were statistically significant (P < 0.05). Regarding baseline 

in#ammatory biomarkers, the CAS group had significantly 

higher levels of SIRI (median 0.67 vs. 0.62) and AISI (median 

146 vs. 139) than the non-CAS group (P < 0.001). Conversely, 

the levels of SII (median 389 vs. 397) and PLR (median 115 vs. 

122) were significantly lower in the CAS group than in the non- 

CAS group (P < 0.001). This seemingly paradoxical observation 

suggests that the unadjusted associations of SII and PLR with 

CAS might be masked by confounding factors.

3.2 Association of inflammatory indices 
with incident CAS risk

Before evaluating the associations, we verified the assumptions 

of the Cox proportional hazards models. The test based on scaled 

Schoenfeld residuals indicated that the proportional hazards 

assumption was not violated for any of the in#ammatory indices 

(all P > 0.05; Supplementary Table S4). Additionally, collinearity 

diagnostics for the fully adjusted models showed that all 

Variance In#ation Factors (VIFs) were less than 5, indicating no 

severe multicollinearity among the covariates (Supplementary 

Table S5).

In the multivariable Cox proportional hazards regression 

models, all evaluated in#ammatory indices showed independent 

associations with the risk of incident CAS after full adjustment 

(Table 1, Model 3). Among them, the associations for AISI and 

SIRI were particularly prominent. Compared to the lowest quartile 

(Q1), participants in the highest quartile (Q4) of AISI had a 63% 

increased risk of CAS (HR = 1.63, 95% CI: 1.44–1.84), while those 

in the Q4 of SIRI had a 46% increased risk (HR = 1.46, 95% CI: 

1.30–1.64). Both exhibited a significant dose-response trend (all P 

for trend < 0.001). The highest quartiles of NLR, SII, PLR, and 

NPAR also showed a significant increase in risk, with HRs ranging 

from 1.21 to 1.28. This multivariable analysis clarified the 

paradoxical findings from the baseline characteristics.

The Kaplan–Meier survival curves (Figure 2) visually 

demonstrated this: in the unadjusted analysis, only the curves 

for SIRI, AISI, NLR, and NPAR showed significant separation 

across quartiles (Log-rank P < 0.05), whereas the curves for SII 

and PLR did not differ significantly (Log-rank P > 0.05). This 

suggests that the true associations of SII and PLR with CAS 

were masked by negative confounding factors (such as age), and 

their roles as independent risk factors were only revealed after 

adjusting for these confounders.

Restricted cubic spline (RCS) models further explored the 

dose-response relationships (Figure 3). The results showed that 

SIRI and AISI had a significant non-linear positive association 

with CAS risk (P for non-linearity < 0.001), with the risk 

increasing sharply at lower levels of the indices before 

plateauing. In contrast, the relationships of NLR, SII, PLR, and 

NPAR with CAS risk were characterized by a stable linear 

increase (P for non-linearity > 0.05).

3.3 Comparison of predictive performance 
of inflammatory indices

The correlation among the six in#ammatory indices is 

presented in Figure 4A. Notably, a strong positive correlation 

was observed between SIRI and AISI (ρ = 0.92), as well as 

between NLR and NPAR (ρ = 0.91). Figure 4B reveals that, 

among all evaluated indices, SIRI exhibited the highest 

predictive value for incident CAS.

3.4 Subgroup and mediation analyses 
based on SIRI

Given that SIRI demonstrated the strongest association and 

predictive ability, we conducted further subgroup and 

mediation analyses.

Subgroup analysis (Table 2) showed that the association 

between SIRI and CAS risk remained stable and consistent 

across most prespecified subgroups, including age, BMI, 

smoking status, drinking status, hypertension, and diabetes, with 

no significant interactions detected (all P for interaction > 0.05). 

However, sex played a significant moderating role in this 

association (P for interaction = 0.031). Stratified analysis revealed 

that the association between SIRI and CAS risk was more 

pronounced in males (HR: 1.15, 95% CI: 1.10–1.19) but was not 

statistically significant in females (HR: 1.04, 95% CI: 0.96–1.12).

After confirming significant positive associations between SIRI 

and BMI (Supplementary Table S6) and between BMI and CAS 

(Supplementary Table S7), we performed a mediation analysis to 

investigate the role of BMI in the SIRI-CAS pathway. The 

results (Figure 5) indicated that BMI partially mediated this 

association. The natural indirect effect (NIE) mediated by BMI 

was statistically significant (HR = 1.007, P = 0.002), explaining 

3.12% of the total effect of SIRI. Concurrently, the natural direct 

effect (NDE) was also significant (NDE = 1.267, P < 0.001), 

indicating that SIRI’s effect on CAS risk is predominantly direct 

or mediated through other non-BMI pathways.

3.5 Sensitivity analysis

To test the robustness of the results and assess potential 

reverse causality bias, a sensitivity analysis was conducted by 

excluding participants diagnosed with CAS within the first year 

of follow-up, and re-analyzing the remaining cohort of 11,903 
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individuals. In the refitted Cox models, the associations of NLR, 

SIRI, SII, AISI, PLR, and NPAR with CAS risk remained robust 

and statistically significant (Supplementary Table S8). Crucially, 

the random survival forest model constructed in this sensitivity 

analysis cohort reconfirmed that SIRI was still the strongest 

in#ammatory predictor of CAS risk (Supplementary Figure S1). 

TABLE 1 Hazard ratios (95% CIs) for the associations between systemic inflammatory indices and incident carotid atherosclerosis.

Variables Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

NLR

Q1 — — —

Q2 1.19 (1.06, 1.33) 0.002 1.18 (1.06, 1.32) 0.003 1.17 (1.05, 1.31) 0.008

Q3 1.10 (0.98, 1.23) 0.106 1.14 (1.02, 1.28) 0.026 1.12 (1.00, 1.26) 0.056

Q4 1.24 (1.11, 1.39) <0.001 1.28 (1.14, 1.43) <0.001 1.28 (1.14, 1.44) <0.001

Per 1-SD increase 1.06 (1.02, 1.10) 0.002 1.07 (1.03, 1.11) <0.001 1.08 (1.04, 1.12) <0.001

SIRI

Q1 — — —

Q2 1.15 (1.02, 1.30) 0.019 1.14 (1.01, 1.28) 0.036 1.09 (0.96, 1.23) 0.168

Q3 1.35 (1.20, 1.52) <0.001 1.34 (1.19, 1.50) <0.001 1.28 (1.14, 1.44) <0.001

Q4 1.59 (1.42, 1.78) <0.001 1.55 (1.39, 1.74) <0.001 1.46 (1.30, 1.64) <0.001

Per 1-SD increase 1.13 (1.09, 1.16) <0.001 1.14 (1.10, 1.17) <0.001 1.12 (1.09, 1.16) <0.001

SII

Q1 — — —

Q2 1.07 (0.95, 1.19) 0.259 1.17 (1.05, 1.31) 0.006 1.14 (1.02, 1.27) 0.024

Q3 1.05 (0.94, 1.17) 0.399 1.16 (1.04, 1.30) 0.008 1.13 (1.01, 1.26) 0.037

Q4 1.08 (0.96, 1.20) 0.212 1.28 (1.14, 1.44) <0.001 1.22 (1.09, 1.37) <0.001

Per 1-SD increase 1.03 (0.99, 1.07) 0.147 1.09 (1.05, 1.13) <0.001 1.08 (1.04, 1.13) <0.001

AISI

Q1 — — —

Q2 1.16 (1.02, 1.31) 0.025 1.19 (1.05, 1.35) 0.008 1.17 (1.03, 1.33) 0.013

Q3 1.30 (1.14, 1.47) <0.001 1.44 (1.27, 1.64) <0.001 1.41 (1.24, 1.60) <0.001

Q4 1.56 (1.38, 1.76) <0.001 1.70 (1.50, 1.92) <0.001 1.63 (1.44, 1.84) <0.001

Per 1-SD increase 1.10 (1.06, 1.13) <0.001 1.13 (1.09, 1.17) <0.001 1.11 (1.07, 1.15) <0.001

PLR

Q1 — — —

Q2 0.95 (0.85, 1.05) 0.309 1.06 (0.95, 1.18) 0.285 1.10 (0.98, 1.22) 0.093

Q3 0.94 (0.84, 1.05) 0.272 1.12 (1.00, 1.25) 0.055 1.16 (1.04, 1.30) 0.009

Q4 0.94 (0.84, 1.06) 0.316 1.18 (1.05, 1.32) 0.007 1.25 (1.11, 1.41) <0.001

Per 1-SD increase 0.99 (0.95, 1.03) 0.623 1.08 (1.03, 1.12) <0.001 1.11 (1.06, 1.16) <0.001

NPAR

Q1 — — —

Q2 1.15 (1.02, 1.30) 0.023 1.08 (0.96, 1.20) 0.214 1.10 (0.97, 1.24) 0.141

Q3 1.16 (1.02, 1.31) 0.022 1.13 (1.01, 1.26) 0.048 1.13 (1.01, 1.28) 0.045

Q4 1.19 (1.05, 1.34) 0.007 1.19 (1.05, 1.35) 0.006 1.21 (1.06, 1.37) 0.004

Per 1-SD increase 1.06 (1.02,1.10) 0.002 1.07 (1.02, 1.11) 0.003 1.07 (1.03,1.12) 0.001

Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was further adjusted for BMI, educational level, hypertension, diabetes, annual income, smoking status, drinking 

status, HDL-C, TG, RBC, creatinine, and TC.

AISI, aggregate index of systemic in#ammation; BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; NLR, neutrophil-to- 

lymphocyte ratio; NPAR, neutrophil percentage-to-albumin ratio; PLR, platelet-to-lymphocyte ratio; Q, quartile; RBC, red blood cell count; SII, systemic immune-in#ammation index; 

SIRI, systemic in#ammatory response index; TC, total cholesterol; TG, triglyceride.
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FIGURE 2 

Cumulative incidence curves for incident carotid atherosclerosis (CAS) according to baseline quartiles of inflammatory indices. Panels show the 

Kaplan–Meier curves for (A) NLR, (B) SIRI, (C) SII, (D) AISI, (E) PLR, and (F) NPAR. The curves are stratified by quartiles (Q1–Q4), with Q1 

representing the lowest quartile and Q4 the highest. Shaded areas represent the 95% confidence intervals (CIs). P-values were calculated using 

the Log-rank test.

FIGURE 3 

Dose-response relationship between inflammatory indices and the risk of incident carotid atherosclerosis. Restricted cubic spline models were used 

to visualize the associations for (A) NLR, (B) SIRI, (C) SII, (D) AISI, (E) PLR, and (F) NPAR. The solid red lines represent the estimated hazard ratios (HRs), 

and the pink shaded areas indicate the 95% confidence intervals (CIs). The horizontal dashed black line at HR = 1.0 represents the reference risk. The 

models were adjusted for gender, age, BMI, educational level, hypertension, diabetes, annual income, smoking status, drinking status, HDL-C, TG, 

RBC, creatinine, and TC. P-values for nonlinearity are shown in each panel.
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Furthermore, to assess the potential impact of unmeasured 

confounding, we calculated the E-value for the primary finding. 

The E-value for the association between SIRI and incident CAS 

was 1.77. This indicates that an unmeasured confounder would 

need to be associated with both SIRI and the outcome by a risk 

ratio of at least 1.77 to explain away the observed association, 

suggesting that the findings are reasonably robust to potential 

unmeasured confounding. This series of results strongly 

demonstrates the robustness of our main findings.

4 Discussion

In this large-scale prospective cohort study, we systematically 

evaluated the associations between six composite in#ammatory 

indices, derived from routine blood tests, and the risk of 

incident CAS. Our principal finding reveals that all evaluated 

in#ammatory indices were significantly and independently 

associated with incident CAS. Among them, the SIRI emerged 

as the marker with the strongest and most robust association 

with CAS risk. This discovery offers novel insights into the role 

of systemic in#ammation during the early stages of 

atherosclerosis. Our findings lend strong support to the 

established paradigm that in#ammation is a core driver 

throughout the entire process of atherosclerosis, from initiation 

to progression.

By integrating the counts of three key immune cells— 

neutrophils, monocytes, and lymphocytes—SIRI effectively 

captures the paradigm shift in our understanding of atherogenesis 

from “lipids to leukocytes” (18). While other indices like NLR or 

PLR capture only facets of this response, SIRI provides a more 

multidimensional depiction of the body’s immuno-in#ammatory 

status. Mechanistically, this association is underpinned by the 

complex interplay between innate and adaptive immunity (19, 

20). The numerator of SIRI (neutrophils and monocytes) 

represents the rapid innate immune arm. Upon activation by 

pattern-recognition receptors, these cells not only release reactive 

oxygen species and proteases but also activate the NLRP3 

in#ammasome. Recent evidence highlights the NLRP3 

in#ammasome as a critical signal transducer that orchestrates 

endothelial injury, promotes foam cell formation, and induces 

pyroptosis, thereby accelerating plaque progression (21). 

Furthermore, monocytes differentiate into macrophages, which 

are pivotal in inducing plaque vulnerability. These macrophages 

accumulate in the lipid-rich necrotic core, driving in#ammation 

and matrix degradation, which are hallmarks of high-risk plaques 

(22). Conversely, the denominator (lymphocytes) re#ects the 

adaptive immune response. A lower lymphocyte count often 

indicates a depletion of protective regulatory T-cells (Tregs), 

leading to a failure in immunomodulatory checks that would 

otherwise inhibit plaque growth (20). Crucially, systemic 

in#ammation drives the phenotypic transformation of plaques 

towards vulnerability. Elevated in#ammatory markers are 

intrinsically linked to macroscopic high-risk features such as 

microcalcification, neovascularization, and lipid-rich necrotic 

cores. This “thromboin#ammation” cascade can degrade the 

extracellular matrix and thin the fibrous cap, increasing the risk 

of rupture even in non-stenotic plaques (23, 24). Thus, an 

elevated SIRI does not merely re#ect a blood count anomaly but 

signals a comprehensive “in#ammatory plaque phenotype” prone 

to instability.

This pathophysiological link is not only evident at the cellular 

level but is also corroborated by genetic studies. For instance, as 

demonstrated in a study on community and high-risk stroke 

populations in Southwest China, genetic polymorphisms related 

to in#ammatory responses and endothelial function are also 

closely associated with susceptibility to carotid atherosclerosis 

(25, 26). This adds a layer of genetic evidence to the 

fundamental role of in#ammation in atherosclerosis. Therefore, 

an elevated SIRI, re#ecting a pro-in#ammatory imbalance 

FIGURE 4 

Correlation among six inflammatory indices and their predictive value for incident carotid atherosclerosis (CAS). (A) Spearman correlation analysis of 

the six baseline inflammatory indices. The size and color intensity of the circles represent the absolute value of the correlation coefficient, with blue 

indicating a positive correlation. The numbers in the lower triangle are the Spearman’s correlation coefficients (ρ). (B) Comparison of the relative 

importance of the six inflammatory indices in predicting incident CAS using a Random Survival Forest (RSF) model. A higher Variable Importance 

(Vimp) value indicates stronger predictive power. The RSF model was adjusted for gender, age, BMI, educational level, hypertension, diabetes, 

annual income, smoking status, drinking status, HDL-C, TG, RBC, creatinine, and TC.

Tao et al.                                                                                                                                                               10.3389/fcvm.2026.1760659

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.3389/fcvm.2026.1760659


characterized by increased neutrophils/monocytes and decreased 

lymphocytes, is grounded in a solid pathophysiological basis as 

a strong risk indicator for CAS.

Our findings are highly consistent with previous studies 

linking SIRI to clinical endpoints such as coronary heart disease, 

stroke, and cardiovascular mortality (27–30), and extend these 

findings to the subclinical stage of atherosclerosis—incident CAS 

—thereby reinforcing the potential value of these indices in the 

primary prevention of cardiovascular disease.

A noteworthy observation was that while the associations of 

SII and PLR with CAS were not significant in unadjusted 

analyses, all six in#ammatory indices demonstrated independent 

statistical significance after rigorous adjustment for a wide array 

of traditional cardiovascular risk factors, including age, sex, 

blood pressure, lipids, glucose, and smoking status. This 

underscores the critical importance of multivariate adjustment 

to eliminate confounding effects when evaluating these novel 

biomarkers, suggesting that even seemingly weaker in#ammatory 

signals may play a non-negligible role within a complex risk 

network. Furthermore, our RSF model confirmed that, after 

adjusting for numerous covariates, SIRI exhibited the highest 

variable importance among the six indices. Its ranking 

consistently remained at the top, a result validated in sensitivity 

analyses, attesting to the robustness of our findings.

Regarding the sex-stratified analysis, we identified a significant 

interaction between sex and SIRI on the risk of CAS (P for 

interaction = 0.031), with a prominent association observed in 

men but not in women. However, these sex-specific results 

warrant cautious interpretation. As noted, the interaction 

p-value was borderline, and the smaller number of events 

among women may have reduced the statistical power to detect 

an association. Although the female subgroup had a substantial 

sample size (n = 4,810), the number of incident events was 

significantly lower compared to men (709 vs. 1,723 events). This 

discrepancy suggests that the non-significant finding in women 

may partly re#ect limited statistical power rather than a 

definitive absence of risk. While biological factors—such as the 

TABLE 2 Subgroup analyses of the association between systemic inflammatory response 

index (SIRI) and risk of incident carotid atherosclerosis.

Subgroup N Adjusted HR  

(per 1-SD,  

95% CI)

P 

value

P for  

interaction

Overall 12,289 1.12 (1.09, 1.16) <0.001

Age 0.145

<45 7,359 1.11 (1.05, 1.69) <0.001

≥45 4,930 1.14 (1.10, 1.20) <0.001

Gender 0.031

Female 4,810 1.04 (0.96, 1.12) 0.328

Male 7,479 1.15 (1.10, 1.19) <0.001

BMI 0.435

< 24 5,878 1.11 (1.05, 1.17) <0.001

≥ 24 6,411 1.13 (1.09, 1.18) <0.001

Hypertension 0.776

No 10,420 1.13 (1.09, 1.17) <0.001

Yes 1,869 1.11 (1.03, 1.19) 0.004

Diabetes 0.675

No 11,648 1.12 (1.09, 1.17) <0.001

Yes 641 1.10 (0.99, 1.23) 0.071

Educational 

level

0.085

Low 725 1.21 (1.08,1.37) 0.001

Medium 7,218 1.10 (1.05, 1.15) <0.001

High 4,346 1.15 (1.09, 1.22) <0.001

Annual income 0.668

Low 333 0.97 (0.68, 1.36) 0.838

Medium 2,780 1.11 (1.04, 1.18) <0.001

High 9,176 1.13 (1.09, 1.18) <0.001

Smoking status 0.148

non-current 

smoker

8,752 1.08 (1.04, 1.14) <0.001

current smoker 3,537 1.17 (1.11, 1.24) <0.001

Drinking status 0.934

non-current 

drinker

8,904 1.12 (1.07, 1.17) <0.001

current drinker 3,385 1.13 (1.07–1.20) <0.001

Hazard Ratios (HRs) and 95% Confidence Intervals (CIs) were derived from multivariate 

Cox proportional hazards models.

Models were adjusted for gender, age, BMI, educational level, hypertension, diabetes, 

annual income, smoking status, drinking status, HDL-C, TG, RBC, and creatinine. In 

each subgroup analysis, the stratification variable was excluded from the adjustment model.

P for interaction indicates the statistical significance of the interaction between SIRI and the 

stratification variables.

Figure 5 

The mediating role of BMI in the association between the SIRI and 

CAS. The path diagram illustrates the results of the mediation 

analysis, showing the Natural Indirect Effect (NIE) through BMI and 

the Natural Direct Effect (NDE). The values represent hazard ratios 

with their corresponding 95% confidence intervals (CIs), which 

were derived from a bootstrap procedure with 1,000 resamples. 

The proportion of the total effect mediated by BMI is also 

presented. All analyses were adjusted for gender, age, educational 

level, hypertension, diabetes, annual income, smoking status, 

drinking status, HDL-C, TG, RBC, creatinine, and TC.
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potential protective effects of estrogen on endothelial function 

(31) or sex-specific differences in plaque stability (32–34)— 

might contribute to a differential risk profile, current evidence 

precludes a definitive mechanistic conclusion. Therefore, we 

emphasize that the observed sex disparity may be in#uenced by 

statistical limitations, and the potential for SIRI to predict risk 

in women should not be prematurely dismissed; future studies 

with larger event rates are needed for confirmation.

Similarly, regarding the diabetes subgroup, although the 

association between SIRI and CAS showed a borderline 

significance (P = 0.071), this should be interpreted in the context 

of statistical power. The sample size of the diabetes subgroup 

was relatively small (n = 641), which likely limited the power to 

detect a statistically significant effect. Importantly, the hazard 

ratio in the diabetes subgroup (1.10) was highly comparable to 

that of the non-diabetes subgroup (1.12), and the interaction 

test was non-significant (P for interaction = 0.675). These results 

suggest that the predictive value of SIRI remains consistent 

across glycemic statuses, and the lack of significance in the 

diabetes subgroup is more likely attributable to the small sample 

size rather than a true absence of biological association.

From an epidemiological perspective, a large cross-sectional 

study based on the NHANES database has confirmed a close 

link between SIRI and obesity. Another study also observed a 

significant association between SIRI and obesity in sedentary 

adults (35, 36). At the molecular level, chronic in#ammation is a 

key driver in the development of obesity; for example, the 

NLRP3 in#ammasome has been shown to play a causal role in 

inducing metabolic disorders and adipose tissue expansion (37). 

Consequently, it is plausible that an elevated SIRI, as a marker 

of systemic in#ammation, would predict an increase in BMI. 

Obesity is widely recognized as an independent risk factor for 

carotid atherosclerosis. This is supported by multiple studies: 

one prospective study showed that the metabolic heterogeneity 

of obesity directly in#uences CAS risk, while another observed a 

strong association between obesity and CAS in patients with 

type 1 diabetes (38, 39). The persistent systemic in#ammation, 

as indicated by an elevated SIRI, may ultimately increase CAS 

risk by promoting the development and progression of obesity 

(re#ected by a higher BMI). This finding not only uncovers a 

potential pathophysiological axis of “in#ammation-obesity- 

atherosclerosis” but also offers important clinical implications: 

combining anti-in#ammatory therapies with weight 

management may represent a more synergistic strategy for the 

prevention and intervention of CAS.

Crucially, our results have direct implications for clinical 

practice, addressing the urgent need for cost-effective screening 

tools in resource-constrained settings. The versatility of SIRI as 

a scalable risk stratification tool has been increasingly 

recognized across a spectrum of diseases. Recent studies have 

validated its prognostic value in acute ischemic stroke (40), ST- 

segment elevation myocardial infarction (41), and metabolic 

complications such as diabetic retinopathy (42) and metabolic 

dysfunction-associated fatty liver disease (MAFLD) (43). 

Furthermore, a recent study highlighted that elevated SIRI is 

associated with lower bone mineral density and increased 

fracture risk in elderly hypertensive patients (44). This collective 

evidence suggests that SIRI captures a “systemic in#ammatory 

phenotype” that simultaneously compromises vascular, 

metabolic, and skeletal health, making it particularly valuable for 

managing elderly populations with multiple comorbidities. 

While classical in#ammatory biomarkers, particularly high- 

sensitivity C-reactive protein (hs-CRP), are established 

predictors of cardiovascular risk, cell-based indices like SIRI 

may offer distinct and complementary biological information. 

hs-CRP is a downstream acute-phase protein produced by the 

liver in response to cytokine stimulation (e.g., IL-6). In contrast, 

SIRI directly re#ects the balance of the cellular effectors of 

in#ammation (neutrophils and monocytes) and the adaptive 

immune response (lymphocytes). Previous research suggests that 

these cellular indices may arguably be more sensitive in specific 

atherosclerotic contexts. For instance, a cross-sectional study by 

Park et al. demonstrated that while cell-based indices (such as 

NLR and PLR) were significant predictors of severe carotid 

plaque burden, hs-CRP failed to show a significant association 

in the same cohort (45). This discrepancy implies that cell count 

#uctuations might precede or occur independently of the 

systemic protein surge in early-stage atherosclerosis or specific 

plaque phenotypes. Therefore, SIRI should not be viewed merely 

as a surrogate for hs-CRP, but potentially as a marker capturing 

a different dimension of the immuno-in#ammatory landscape— 

specifically, the cellular “readiness” for atherogenesis.

Consistent with these findings, we propose that SIRI can serve 

as a cost-effective tool for initial risk stratification. Unlike high- 

sensitivity C-reactive protein (hs-CRP) or interleukin-6, which 

require specific assays and additional costs, SIRI can be instantly 

calculated from a standard complete blood count (CBC)—a 

routine test performed in almost all clinical encounters. In 

terms of practical implementation, we propose a two-step 

screening strategy. First, SIRI could be integrated into Electronic 

Health Record (EHR) systems to automatically calculate and #ag 

patients with elevated values during routine visits. This 

automation would allow for large-scale risk assessment without 

increasing the clinician’s workload. Second, for individuals 

identified with a high SIRI (particularly men or those with 

traditional intermediate risk), clinicians should consider a more 

aggressive diagnostic workup, such as referral for carotid 

ultrasound to detect subclinical plaque. This approach 

transforms SIRI from a mere statistical marker into an 

actionable clinical tool, enabling the allocation of more 

expensive imaging resources to the patients who need them most.

The strengths of our study are multifold. First, the prospective 

design and large sample size allowed us to establish temporal 

causality and achieve high statistical power. Second, we 

employed a variety of robust statistical methods, including 

multivariate Cox regression, RCS, Random Survival Forest, and 

mediation analysis, for a comprehensive and in-depth analysis. 

Third, we performed meticulous adjustment for a large number 

of potential confounders. We also calculated the E-value to 

quantify the potential impact of unmeasured confounding and 

assessed the possibility of reverse causality through sensitivity 

analyses (e.g., excluding individuals who developed CAS within 
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the first year of follow-up), which enhances the reliability of 

our results.

Nevertheless, several limitations should be acknowledged. 

First, despite meticulous adjustment for multiple confounders, 

the possibility of residual confounding from unmeasured factors 

cannot be entirely ruled out. Specifically, data on genetic 

predisposition, psychological stress, physical activity, sleep 

quality, and detailed medication history (e.g., the use of statins 

or non-steroidal anti-in#ammatory drugs) were not fully 

available for adjustment. Additionally, precise details on dietary 

patterns (e.g., Western diet) were not captured. However, we 

calculated the E-value to assess the robustness of our findings. 

The E-value for the association between SIRI and CAS was 1.77, 

suggesting that an unmeasured confounder would need to be 

associated with both the exposure and the outcome by a risk 

ratio of at least 1.77 to explain away the observed association. 

This indicates that our results are moderately robust. Second, a 

limitation of our study is the absence of data on classical 

in#ammatory biomarkers, such as hs-CRP or IL-6. This 

precluded a direct statistical comparison (e.g., C-statistic 

comparison or net reclassification improvement) to determine 

whether SIRI adds incremental predictive value beyond these 

established markers. However, as noted above, the primary 

clinical value of SIRI lies in its accessibility. Since it is derived 

from routine CBC without additional cost, it remains a valuable 

tool for initial risk stratification in settings where hs-CRP is not 

routinely measured. Third, the in#ammatory indices were 

derived from a single baseline measurement. We acknowledge 

that such a “snapshot” may not fully capture the long-term 

in#ammatory burden or cumulative exposure, as in#ammation 

levels can #uctuate due to transient factors (e.g., minor 

infections or physiological stress). This intra-individual 

variability is known to introduce random measurement error, 

leading to regression dilution bias. Consequently, this bias tends 

to attenuate the association towards the null, suggesting that the 

hazard ratios reported in our study are likely conservative 

estimates, and the true strength of the relationship between SIRI 

and CAS risk could be even greater than observed. Future 

studies incorporating repeated measurements are warranted to 

more accurately evaluate the cumulative exposure and long-term 

patterns of multiple in#ammatory indices on atherosclerosis. 

Fourth, the diagnosis of CAS relied on carotid ultrasound. 

While ultrasound is the standard first-line tool for large-scale 

population screening due to its non-invasiveness and cost- 

effectiveness, it has inherent limitations compared to advanced 

imaging techniques such as intravascular ultrasound (IVUS) or 

CT angiography (CTA). Specifically, ultrasound is operator- 

dependent, and inter-observer variability may exist. 

Furthermore, our outcome was defined as a composite of both 

CIMT thickening (≥ 1.0 mm) and plaque formation (≥ 

1.5 mm). While this definition increases sensitivity, it limits our 

ability to distinguish between early vascular remodeling and 

established atherosclerosis, and the lower resolution of 

ultrasound may miss small or early-stage plaques compared to 

IVUS. However, such non-differential misclassification generally 

biases the results towards the null, leading to an 

underestimation of the true association strength. Therefore, 

despite this limitation, the significant positive association 

observed in our study remains noteworthy. fifth, the median 

follow-up period was 2.15 years, which is relatively short for a 

chronic disease such as atherosclerosis. This duration limits our 

ability to draw definitive conclusions regarding long-term risk 

prediction and the very early initiation phase of the disease. 

Although a significant association was found, our findings 

primarily re#ect short-to-medium-term risk. A longer follow-up 

duration is necessary to confirm whether SIRI predicts long- 

term atherosclerotic trajectories and to fully elucidate its role in 

disease initiation. Finally, our study population consisted 

exclusively of Chinese adults. While this provides valuable 

insights for this specific demographic, differences in genetic 

backgrounds, dietary habits, and environmental exposures may 

limit the generalizability of our findings to other racial or ethnic 

groups. Therefore, caution should be exercised when 

extrapolating these results to non-Chinese populations.

In conclusion, our study is the first to demonstrate in a large 

health screening cohort that SIRI is a robust and independent 

predictor of incident CAS, particularly in the short-to-medium 

term, and its utility for risk identification consistently 

outperforms other composite in#ammatory indices, particularly 

in men. Given that SIRI can be easily and inexpensively 

calculated from a routine complete blood count, it has the 

potential to become a highly cost-effective risk stratification tool 

for the early identification of individuals at high risk for CAS in 

clinical practice. Future research should focus on: 1) validating 

our findings in multi-ethnic cohorts and diverse populations to 

confirm their generalizability; 2) exploring the value of serial 

SIRI measurements for dynamic risk assessment; and 3) 

ultimately, determining through randomized controlled trials 

whether targeted reduction of systemic in#ammation (e.g., 

through lifestyle modifications, statins, or novel anti- 

in#ammatory drugs) can effectively lower the atherosclerotic risk 

indicated by a high SIRI.

5 Conclusion

In this large-scale cohort, we provide the first evidence that 

SIRI is a superior and independent predictor of incident CAS 

over a short-to-medium term follow-up, outperforming other 

composite in#ammatory indices. Our findings highlight a pivotal 

“in#ammation-obesity-atherosclerosis” axis, suggesting that 

systemic in#ammation is closely linked to the risk of early-stage 

atherosclerosis, partially through metabolic dysregulation. Given 

that SIRI is derived from routine blood counts, it represents an 

accessible and cost-effective tool for early risk stratification in 

clinical practice. Integrating SIRI into screening protocols could 

significantly enhance the primary prevention of cardiovascular 

disease by identifying high-risk individuals before structural 

vascular changes become advanced. Future studies are warranted 

to validate these findings in diverse populations and to evaluate 

the prognostic value of longitudinal SIRI trajectories in 

capturing dynamic in#ammatory status.

Tao et al.                                                                                                                                                               10.3389/fcvm.2026.1760659

Frontiers in Cardiovascular Medicine 11 frontiersin.org

https://doi.org/10.3389/fcvm.2026.1760659


Data availability statement

The original contributions presented in this study are included 

in the article. Further inquiries can be directed to the 

corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics 

Review Committee of Hainan Medical University (Approval 

No.: HYLL-2023-449). The studies were conducted in 

accordance with the local legislation and institutional 

requirements. The participants provided their written informed 

consent to participate in this study.

Author contributions

J-LT: Conceptualization, Data curation, Formal analysis, 

Methodology, Writing – original draft. Y-TW: 

Conceptualization, Investigation, Validation, Writing – original 

draft. H-FZ: Data curation, Formal analysis, Software, 

Visualization, Writing – original draft. C-CL: Data curation, 

Investigation, Resources, Writing – original draft. J-MC: 

Investigation, Resources, Validation, Writing – original draft. 

X-NW: Data curation, Investigation, Writing – original draft. 

LC: Methodology, Visualization, Writing – original draft. YN: 

Conceptualization, Project administration, Supervision, 

Writing – review & editing. BB: Conceptualization, Funding 

acquisition, Project administration, Supervision, Writing – 

review & editing.

Funding

The author(s) declared that financial support was received for 

this work and/or its publication. This work is supported by 

Hainan provincial Natural Science Foundation of China (No. 

121RC554).

Acknowledgments

We are grateful to all the participants who participated in this 

study for their cooperation. We also thank the medical staff and 

technicians at the Health Management Center of Beijing Tiantan 

Hospital for their assistance in data collection and biological 

sample processing.

Conflict of interest

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con#ict of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 

and do not necessarily represent those of their affiliated organizations, 

or those of the publisher, the editors and the reviewers. Any product 

that may be evaluated in this article, or claim that may be made by its 

manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2026. 

1760659/full#supplementary-material

References
1. Global Burden of Cardiovascular Diseases and Risks 2023 Collaborators. Global, 
regional, and national burden of cardiovascular diseases and risk factors in 204 
countries and territories, 1990–2023. J Am Coll Cardiol (2025) 86(22):2167–243. 
doi: 10.1016/j.jacc.2025.08.015

2. Chong B, Jayabaskaran J, Jauhari SM, Chan SP, Goh R, Kueh MTW, et al. Global 
burden of cardiovascular diseases: projections from 2025 to 2050. Eur J Prev Cardiol. 
(2025) 32:1001–15. doi: 10.1093/eurjpc/zwae281

3. Kong P, Cui Z-Y, Huang X-F, Zhang D-D, Guo R-J, Han M. In#ammation and 
atherosclerosis: signaling pathways and therapeutic intervention. Sig Transduct 
Target Ther. (2022) 7:131. doi: 10.1038/s41392-022-00955-7

4. Libby P, Soehnlein O. In#ammation in atherosclerosis: lessons and therapeutic 
implications. Immunity. (2025) 58:2383–401. doi: 10.1016/j.immuni.2025.09.012

5. Mitra S, Biswas RK, Hooijenga P, Cassidy S, Nova A, De Ciutiis I, et al. Carotid 
intima-media thickness, cardiovascular disease, and risk factors in 29,000 UK 
biobank adults. Am J Prev Cardiol. (2025) 22:101011. doi: 10.1016/j.ajpc.2025.101011

6. Waksman R, Merdler I, Case BC, Waksman O, Porto I. Targeting in#ammation in 
atherosclerosis: overview, strategy and directions. EuroIntervention. (2024) 20:32–44. 
doi: 10.4244/EIJ-D-23-00606

7. Ajoolabady A, Pratico D, Lin L, Mantzoros CS, Bahijri S, Tuomilehto J, et al. 
In#ammation in atherosclerosis: pathophysiology and mechanisms. Cell Death Dis. 
(2024) 15:817. doi: 10.1038/s41419-024-07166-8

8. Ma R, Cui L, Cai J, Yang N, Wang Y, Chen Q, et al. Association between systemic 
immune in#ammation index, systemic in#ammation response index and adult 
psoriasis: evidence from NHANES. Front Immunol. (2024) 15:1323174. doi: 10. 
3389/fimmu.2024.1323174

9. Guo B, Liu X, Si Q, Zhang D, Li M, Li X, et al. Associations of CBC-derived 
in#ammatory indicators with sarcopenia and mortality in adults: evidence from 
NHANES 1999 ∼ 2006. BMC Geriatr. (2024) 24:432. doi: 10.1186/s12877-024-05012-2

10. Ding W, La R, Wang S, He Z, Jiang D, Zhang Z, et al. Associations between 
neutrophil percentage to albumin ratio and rheumatoid arthritis versus 

Tao et al.                                                                                                                                                               10.3389/fcvm.2026.1760659

Frontiers in Cardiovascular Medicine 12 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2026.1760659/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2026.1760659/full#supplementary-material
https://doi.org/10.1016/j.jacc.2025.08.015
https://doi.org/10.1093/eurjpc/zwae281
https://doi.org/10.1038/s41392-022-00955-7
https://doi.org/10.1016/j.immuni.2025.09.012
https://doi.org/10.1016/j.ajpc.2025.101011
https://doi.org/10.4244/EIJ-D-23-00606
https://doi.org/10.1038/s41419-024-07166-8
https://doi.org/10.3389/fimmu.2024.1323174
https://doi.org/10.3389/fimmu.2024.1323174
https://doi.org/10.1186/s12877-024-05012-2
https://doi.org/10.3389/fcvm.2026.1760659


osteoarthritis: a comprehensive analysis utilizing the NHANES database. Front 
Immunol. (2025) 16:1436311. doi: 10.3389/fimmu.2025.1436311

11. Cai X, Song S, Hu J, Wang L, Shen D, Zhu Q, et al. Systemic in#ammation 
response Index as a predictor of stroke risk in elderly patients with hypertension: a 
cohort study. J In!amm Res. (2023) 16:4821–32. doi: 10.2147/JIR.S433190

12. Xu T, Song S, Zhu K, Yang Y, Wu C, Wang N, et al. Systemic in#ammatory 
response index improves prognostic predictive value in intensive care unit patients 
with sepsis. Sci Rep. (2025) 15:1908. doi: 10.1038/s41598-024-81860-7

13. Chen Q, Che M, Shen W, Shao L, Yu H, Zhou J. Comparison of the early warning 
effects of novel in#ammatory markers SIRI, NLR, and LMR in the inhibition of 
carotid atherosclerosis by testosterone in middle-aged and elderly Han Chinese 
men in the real world: a small sample clinical observational study. Am J Mens 
Health. (2023) 17:15579883231171462. doi: 10.1177/15579883231171462

14. Liao M, Liu L, Bai L, Wang R, Liu Y, Zhang L, et al. Correlation between novel 
in#ammatory markers and carotid atherosclerosis: a retrospective case-control study. 
PLoS One. (2024) 19:e0303869. doi: 10.1371/journal.pone.0303869

15. Tang J, Li T-X, Deng L, Huang X-C, He P-Y, Zhao H. In#ammatory indices AISI 
and SIRI in atherosclerosis risk stratification: validation across community and 
intensive care populations. Ann Med. (2025) 57:2530792. doi: 10.1080/07853890. 
2025.2530792

16. Nai W, Lei L, Zhang Q, Yan S, Xu J, Lin L, et al. Systemic in#ammation response 
index and carotid atherosclerosis incidence in the Chinese population: a retrospective 
cohort study. Nutr Metab Cardiovasc Dis. (2025) 35:103787. doi: 10.1016/j.numecd. 
2024.103787

17. E Y, Yao Z, Ge M, Huo G, Huang J, Tang Y, et al. Development and validation of 
a machine learning model for predicting vulnerable carotid plaques using routine 
blood biomarkers and derived indicators: insights into sex-related risk patterns. 
Cardiovasc Diabetol. (2025) 24:326. doi: 10.1186/s12933-025-02867-6

18. Annink ME, Kraaijenhof JM, Stroes ESG, Kroon J. Moving from lipids to 
leukocytes: in#ammation and immune cells in atherosclerosis. Front Cell Dev Biol. 
(2024) 12:1446758. doi: 10.3389/fcell.2024.1446758

19. Popa-Fotea N-M, Ferdoschi C-E, Micheu M-M. Molecular and cellular 
mechanisms of in#ammation in atherosclerosis. Front Cardiovasc Med. (2023) 
10:1200341. doi: 10.3389/fcvm.2023.1200341

20. Pi H, Wang G, Wang Y, Zhang M, He Q, Zheng X, et al. Immunological 
perspectives on atherosclerotic plaque formation and progression. Front Immunol. 
(2024) 15:1437821. doi: 10.3389/fimmu.2024.1437821

21. Chen P, Li X. NLRP3 in#ammasome in atherosclerosis: mechanisms and targeted 
therapies. Front Pharmacol. (2024) 15:1430236. doi: 10.3389/fphar.2024.1430236

22. Fang F, Wang E, Fang M, Yue H, Yang H, Liu X. Macrophage-based pathogenesis 
and theranostics of vulnerable plaques. Theranostics. (2025) 15:1570–88. doi: 10.7150/ 
thno.105256

23. Miceli G, Basso MG, Pintus C, Pennacchio AR, Cocciola E, Cuffaro M, et al. 
Molecular pathways of vulnerable carotid plaques at risk of ischemic stroke: a 
narrative review. Int J Mol Sci. (2024) 25:4351. doi: 10.3390/ijms25084351

24. Saba L, Cau R, Vergallo R, Kooi ME, Staub D, Faa G, et al. Carotid artery 
atherosclerosis: mechanisms of instability and clinical implications. Eur Heart J. 
(2025) 46:904–21. doi: 10.1093/eurheartj/ehae933

25. Lu J, Peng W, Yi X, Fan D, Li J, Wang C, et al. In#ammation and endothelial 
function-related gene polymorphisms are associated with carotid atherosclerosis-A 
study of community population in southwest China. Brain Behav. (2023) 13:e3045. 
doi: 10.1002/brb3.3045

26. Chen H, Qing T, Luo H, Yu M, Wang Y, Wei W, et al. In#ammation and 
endothelial function relevant genetic polymorphisms, carotid atherosclerosis, and 
vascular events in high-risk stroke population. Front Neurol. (2024) 15:1405183. 
doi: 10.3389/fneur.2024.1405183

27. Dziedzic EA, Gąsior JS, Tuzimek A, Paleczny J, Junka A, Dąbrowski M, et al. 
Investigation of the associations of novel in#ammatory biomarkers-systemic 
in#ammatory Index (SII) and systemic in#ammatory response Index (SIRI)-with 
the severity of coronary artery disease and acute coronary syndrome occurrence. 
Int J Mol Sci. (2022) 23:9553. doi: 10.3390/ijms23179553

28. Cheng W, Bu X, Xu C, Wen G, Kong F, Pan H, et al. Higher systemic immune- 
in#ammation index and systemic in#ammation response index levels are associated 

with stroke prevalence in the asthmatic population: a cross-sectional analysis of the 
NHANES 1999–2018. Front Immunol. (2023) 14:1191130. doi: 10.3389/fimmu. 
2023.1191130

29. Wei L, Mao S, Liu X, Zhu C. Association of systemic in#ammation response index 
with all-cause mortality as well as cardiovascular mortality in patients with chronic 
kidney disease. Front Cardiovasc Med. (2024) 11:1363949. doi: 10.3389/fcvm.2024. 
1363949

30. Wu X, Zhang H, Liu H. Systemic immune-in#ammation index and systemic 
in#ammation response index levels are associated with coronary heart disease 
prevalence in the asthmatic population: a cross-sectional analysis of the NHANES 
2011–2018. Front Public Health. (2025) 13:1514016. doi: 10.3389/fpubh.2025.1514016

31. Bock JM, Shraffi Venkatesh V, Somers VK. Sex differences in atherosclerotic 
cardiovascular disease risk in obstructive sleep apnea. Curr Atheroscler Rep. (2025) 
27:64. doi: 10.1007/s11883-025-01311-0

32. Sangiorgi G, Roversi S, Biondi Zoccai G, Modena MG, Servadei F, Ippoliti A, et al. 
Sex-related differences in carotid plaque features and in#ammation. J Vasc Surg. 
(2013) 57:338–44. doi: 10.1016/j.jvs.2012.07.052

33. van Dam-Nolen DHK, van Egmond NCM, Koudstaal PJ, van der Lugt A, Bos D. 
Sex differences in carotid atherosclerosis: a systematic review and meta-analysis. 
Stroke. (2023) 54:315–26. doi: 10.1161/STROKEAHA.122.041046

34. Man JJ, Beckman JA, Jaffe IZ. Sex as a biological Variable in atherosclerosis. Circ 
Res. (2020) 126:1297–319. doi: 10.1161/CIRCRESAHA.120.315930

35. Zhang X. Relationship between SIRI and android and gynoid fat related to obesity 
and cardiovascular risk: a cross-sectional study of NHANES 2017–2018. J Int Med 
Res. (2024) 52:3000605241239841. doi: 10.1177/03000605241239841

36. Lin Y, Sun J, Fang S, Li C, Yang X, Yuan H, et al. Association between novel 
in#ammatory biomarkers SII, SIRI, and obesity in sedentary adults: nHANES 
2007–2020. Sci Rep. (2025) 15:22300. doi: 10.1038/s41598-025-08121-z

37. Thornton P, Reader V, Digby Z, Smolak P, Lindsay N, Harrison D, et al. Reversal 
of high fat diet-induced obesity, systemic in#ammation, and astrogliosis by the 
NLRP3 in#ammasome inhibitors NT-0249 and NT-0796. J Pharmacol Exp Ther. 
(2024) 388:813–26. doi: 10.1124/jpet.123.002013

38. Yang D, Zhou J, Garstka MA, Xu Q, Li Q, Wang L, et al. Association of obesity- 
and insulin resistance-related indices with subclinical carotid atherosclerosis in type 1 
diabetes: a cross-sectional study. Cardiovasc Diabetol. (2025) 24:193. doi: 10.1186/ 
s12933-025-02736-2

39. Zhong H, Chen J, Jia S, Chen H, Xi Y, Yan Y, et al. Prospective associations of 
obesity heterogeneity, serum proteins, and carotid atherosclerosis risk. 
EBioMedicine. (2025) 120:105935. doi: 10.1016/j.ebiom.2025.105935

40. Dang H, Mao W, Wang S, Sha J, Lu M, Cong L, et al. Systemic in#ammation 
response index as a prognostic predictor in patients with acute ischemic stroke: a 
propensity score matching analysis. Front Neurol. (2022) 13:1049241. doi: 10.3389/ 
fneur.2022.1049241

41. Qu C, Li X, Gao H. The impact of systemic in#ammation response Index on the 
prognosis of patients with ST-segment elevation myocardial infarction undergoing 
percutaneous coronary intervention. Rev Cardiovasc Med. (2023) 24:153. doi: 10. 
31083/j.rcm2405153

42. Gong Y, Wang L, Li Q, Wang M, Luan R, Gao F, et al. Evaluating neutrophil- 
lymphocyte ratio, systemic immune-in#ammation index, and systemic 
in#ammation response index for diagnosing and predicting progression in diabetic 
retinopathy: a cross-sectional and longitudinal study. BMC Ophthalmol. (2025) 
25:398. doi: 10.1186/s12886-025-04222-5

43. Shen D, Cai X, Hu J, Song S, Zhu Q, Ma H, et al. In#ammatory indices and 
MAFLD prevalence in hypertensive patients: a large-scale cross-sectional analysis 
from China. J In!amm Res. (2025) 18:1623–38. doi: 10.2147/JIR.S503648

44. Ma H, Cai X, Hu J, Song S, Zhu Q, Zhang Y, et al. Association of systemic 
in#ammatory response index with bone mineral density, osteoporosis, and future 
fracture risk in elderly hypertensive patients. Postgrad Med. (2024) 136:406–16. 
doi: 10.1080/00325481.2024.2354158

45. Song J-E, Hwang J-I, Ko H-J, Park J-Y, Hong H-E, Kim A-S. Exploring the 
correlation between systemic in#ammatory markers and carotid atherosclerosis 
indices in middle-aged adults: a cross-sectional study. J Cardiovasc Dev Dis. (2024) 
11:73. doi: 10.3390/jcdd11030073

Tao et al.                                                                                                                                                               10.3389/fcvm.2026.1760659

Frontiers in Cardiovascular Medicine 13 frontiersin.org

https://doi.org/10.3389/fimmu.2025.1436311
https://doi.org/10.2147/JIR.S433190
https://doi.org/10.1038/s41598-024-81860-7
https://doi.org/10.1177/15579883231171462
https://doi.org/10.1371/journal.pone.0303869
https://doi.org/10.1080/07853890.2025.2530792
https://doi.org/10.1080/07853890.2025.2530792
https://doi.org/10.1016/j.numecd.2024.103787
https://doi.org/10.1016/j.numecd.2024.103787
https://doi.org/10.1186/s12933-025-02867-6
https://doi.org/10.3389/fcell.2024.1446758
https://doi.org/10.3389/fcvm.2023.1200341
https://doi.org/10.3389/fimmu.2024.1437821
https://doi.org/10.3389/fphar.2024.1430236
https://doi.org/10.7150/thno.105256
https://doi.org/10.7150/thno.105256
https://doi.org/10.3390/ijms25084351
https://doi.org/10.1093/eurheartj/ehae933
https://doi.org/10.1002/brb3.3045
https://doi.org/10.3389/fneur.2024.1405183
https://doi.org/10.3390/ijms23179553
https://doi.org/10.3389/fimmu.2023.1191130
https://doi.org/10.3389/fimmu.2023.1191130
https://doi.org/10.3389/fcvm.2024.1363949
https://doi.org/10.3389/fcvm.2024.1363949
https://doi.org/10.3389/fpubh.2025.1514016
https://doi.org/10.1007/s11883-025-01311-0
https://doi.org/10.1016/j.jvs.2012.07.052
https://doi.org/10.1161/STROKEAHA.122.041046
https://doi.org/10.1161/CIRCRESAHA.120.315930
https://doi.org/10.1177/03000605241239841
https://doi.org/10.1038/s41598-025-08121-z
https://doi.org/10.1124/jpet.123.002013
https://doi.org/10.1186/s12933-025-02736-2
https://doi.org/10.1186/s12933-025-02736-2
https://doi.org/10.1016/j.ebiom.2025.105935
https://doi.org/10.3389/fneur.2022.1049241
https://doi.org/10.3389/fneur.2022.1049241
https://doi.org/10.31083/j.rcm2405153
https://doi.org/10.31083/j.rcm2405153
https://doi.org/10.1186/s12886-025-04222-5
https://doi.org/10.2147/JIR.S503648
https://doi.org/10.1080/00325481.2024.2354158
https://doi.org/10.3390/jcdd11030073
https://doi.org/10.3389/fcvm.2026.1760659

	Comparative value of novel inflammatory indices in predicting incident carotid atherosclerosis: SIRI outperforms other markers in a general population
	Introduction
	Methods
	Study population
	Definition of inflammatory markers
	Definition of CAS
	Covariates
	Statistical analysis

	Results
	Baseline characteristics
	Association of inflammatory indices with incident CAS risk
	Comparison of predictive performance of inflammatory indices
	Subgroup and mediation analyses based on SIRI
	Sensitivity analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


